Estrogen also influences active intestinal Ca absorption. The presence of 45 estrogen receptors in rat duodenal cells was confirmed [6, 7] and estrogen may 46 have a direct physiological role via these estrogen receptors in regulating 47 intestinal Ca absorption [8, 9] . It has been reported that estrogen deficiency 48 reduced duodenal Ca transport protein type 1 mRNA expression [3] . However, 49 some reports showed that estrogen deficiency decreases VD receptor and 50 calbindin D9k mRNA levels in the intestinal mucosa, and these reductions are 51 recovered by estrogen treatment [10, 11] . These results suggest that down [16, 17, 19] , and DFAIII increases the large 
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The aim of the present study was to clarify the effects of DFAIII on the 
Materials and methods

78
Animals and diets.
79
Three-week-old female Sprague-Dawley rats (Japan Clea, Tokyo, Japan) 80 weighing about 50 g were housed in individual stainless-steel cages with 81 wire-mesh bottoms. The cages were placed in a room with controlled temperature 82 (22-24ºC), relative humidity (40-60%) and lighting (lights on 8:00-20:00 h). The 83 rats had free access to water and the semipurified basal diets (Table 1) content of Ca, magnesium (Mg) and phosphate (P) were 3000 mg Ca/kg diet, 507 86 mg Mg/kg diet and 3000 mg P/kg diet. The recommended dietary amount is same 87 except for Ca. The recommended amount of Ca is 5000 mg Ca/kg diet.
88
This study was approved by the Hokkaido University Animal Committee,
89
and the rats were maintained in accordance with the Hokkaido University 90 guidelines for the care and use of laboratory animals.
91
Experimental design.
92
At 3-week-old, rats were divided into four groups, two groups underwent AIN93G-based normal diet, and rats of the other groups were fed a diet from 96 which VD was excluded (VD-deficient) for 8 weeks (Table 1) . Fluorescent lights 97 were covered with sheets to cut ultraviolet radiation to inhibit light-synthesis VD.
98
Food intake of rat in each group was adjusted to the average intake of the group 99 with the lowest value in each day (pair-feeding). All rats were given free access to 100 deionized water. At 11-week-old, the four groups of rats were divided into two 101 subgroups of 8 rats, and fed a normal or VD-deficient diet with or without DFAIII
102
(15g/kg diet) as shown in Table 1 for 4 weeks (the control or DFAIII group), 103 respectively.
104
The body weight and food intake were measured every day. Feces were 105 collected during the last 4 days of the test period. On the last day, the rats were 
158
Results
159
The results of the 3-way ANOVA showed that final body weight, body 160 weight gain and uterine weight were affected by OVX. There was an interaction 161 between VD deficiency and OVX for final body weight ( Table 2 ). The post hoc 162 test showed that the final body weights of theVD-deficient rats were lower than 163 those of the VD-normal rats (normal diet groups) in sham rats, but not in OVX 164 rats.
165
Serum Ca concentration (Table 3) and calbindin D9k mRNA level (Fig. 166 1) were affected by VD deficiency according to the results of 3-way ANOVA.
167
Neither operation nor diet influenced serum Ca concentration and calbindin D9k 168 mRNA levels.
169
The ANOVA results show that VD deficiency and diet influenced Ca 170 absorption rates (Fig. 2) . Moreover, there were interactions between VD 171 deficiency and operation, and between operation and diet. The Ca absorption rates 172 were much lower in VD-deficient rats than in normal rats in the sham-control 173 groups and also in the OVX-control groups by the results of post hoc test. OVX 174 reduced Ca absorption in VD-normal rats, but the reduction was smaller than that 175 in VD-deficient rats. OVX did not further reduce the absorption in VD-deficient 176 rats. The absorption rate of Ca was higher in the DFAIII groups than in the control 177 groups in both sham and OVX rats fed a normal or VD-deficient diet except for in 178 the normal-sham rats. In the VD-deficient rat groups, Ca absorption rate in OVX 179 rats fed the DFAIII diet was higher than in sham rats fed the DFAIII diet.
180
The results of 3-way ANOVA demonstrated that diet and OVX operation, mRNA levels in mice [3, 4, 27] . In the present study, we showed that the duodenal 202 calbindin D9k mRNA level was clearly decreased in all VD-deficient rat groups 203 without any inter-group differences among the VD-deficient rats (Fig 1) . These 204 results confirm the induction of VD deficiency by our experimental conditions.
205
Estrogen deficiency with OVX impaired Ca absorption without any 206 changes in calbindin D9K mRNA level ( Fig. 1 & 2 (Fig. 2) . Previously, we reported that DFAIII 217 promotes Ca absorption both in the small and large intestines [16] [17] [18] [19] [20] [21] [22] . In the large 
228
In the small intestine, DFAIII promotes Ca absorption via the paracellular 229 transport pathway through tight junctions [16, 17, 19] . Ingestion of DFAIII did not 230 fully restore Ca malabsorption in the VD-deficient group (Fig. 2) . VD plays a role 
236
In the case of VD-deficient rats fed DFAIII, Ca absorption rate was 237 higher in OVX rats than in sham rats (Fig. 2) , which was closely associated with 238 the changes in bone Ca content (Table 4 ). Previous studies demonstrated that Ca 239 homeostasis is also regulated by insulin-like growth factor 1 (IGF-1), and that = 64), and that OVX improved the low body weight in VD-deficient rats (Table 2) . and growth in VD-and estrogen-deficient rats.
253
We showed decreases in femoral Ca contents and serum Ca concentration 254 in VD-deficient rats compared with VD-normal rats ( 
